The present study is a review of data available in Brazil on bacterial diseases transmitted through the consumption of seafood and related products. Data are presented regarding outbreaks and cases of disease and laboratory findings associated with pathogens in seafood and related products, and methods for prevention and control are described.
INTRODUCTION
Food-borne illnesses are among the most frequent public health problems in the contemporary world. However, in most countries reliable statistical information can be hard to obtain, in part because most cases of food-borne illnesses are never reported. Due to the mildness of the symptoms, many victims simply do not seek medical care.
The above principles also apply to aquacultured fish, inclusive to fish cultivated in integrated systems (fish-cum-pig, fish-cum-duck, etc.) and waste water.
To control these bacteria, preventing them from contaminating seafood and causing illness, extensive knowledge is required regarding their origin, biology, physiology, ecology, survival, growth and prevalence in seafood and related products, along with the epidemiology and symptomatology of the diseases with which they are associated.
Clostridium botulinum:
Clostridium botulinum is a strictly anaerobic, Gram-positive, peritrichous, rod-shaped, spore and gasforming bacterium ubiquitous in soils and aquatic sediments. The organism is classified into types according to serological specificity. Each type secretes a different toxin, referred to as A, B, C, D, E, F and G. When found in humans, the E type is usually associated with the consumption of seafood and related products 31, 99 . According to KETCHAM & GOMEZ 52 , spores of the E type can germinate at temperatures below 3 o C and are often found in association with cold-stored seafood.
Botulinum toxin is an active exotoxin (even more so than tetanus toxin) with neurotropic action (affecting the nervous system). It is the only bacterial toxin which can be fatal upon ingestion and may be regarded as a biological poison. It is lethal at very small doses (1/100-1/120 ng). Unlike the spores, the toxin is thermolabile and is destroyed if exposed to 65-80 ºC for 30 minutes, or to 100 ºC for five minutes 25 , whereas according to KETCHAM & GOMEZ 52 , spores in contaminated food may be destroyed if exposed to 120 o C for 30 minutes. In packaged and sealed foodstuffs, spores germinate under anaerobic conditions provided the pH value is above 4.5 and there is enough water activity. Thus, once the spores in packaged foods have germinated, vegetative cells will produce botulinum toxin during storage 95 .
Non-proteolytic Clostridium botulinum type B, E and F primarily inhabit temperate and arctic aquatic environments, whereas type E multiplies in putrefying aquatic organisms, usually at low densities (< 0.1 spores/g fish, though exceptionally up to 5.3 spores/g fish) 47 .
Vibrio spp: The genus Vibrio consists of Gram-negative, curved rod-shaped facultative anaerobes endowed with a single polar flagellum. The genus includes at least 12 species pathogenic to man, 10 of which may be foodborne. Most Vibrio-related food-borne illnesses are caused by V. parahaemolyticus, V. cholerae and V. vulnificus 20, 71, 72, 75, 108 . V. parahaemolyticus and V. cholerae have been isolated in cases of gastroenteritis caused by contaminated food (both species) and contaminated water (the latter). V. vulnificus is mainly observed in extraintestinal infections (septicemia, wounds etc.). Primary septicemia caused by V. vulnificus is usually associated with the consumption of seafood, especially raw bivalves.
Pathogenic vibrios, especially V. cholerae, also occur in fresh water and in estuaries 21 to which it may be introduced by way of fecal contamination. Unlike most other vibrios, V. cholerae can survive in fresh water. The mechanisms of epidemic pathogenicity of V. cholerae and V. parahaemolyticus have been extensively investigated and are well known. Environmental strains of these bacteria may be virulent or not, depending on their ability to produce virulence factors. An important pathogen, V. vulnificus is associated with high levels of fatality, but fortunately infections are rare and tend to be limited to individuals with chronic disease or immunodeficiency 117 .
Characteristics shared by most Vibrio species include sensitivity to low pH values, infrequent association with highly acidic foods, and inhibition of virulence by adequate cooking. However, the three most pathogenic vibrio species differ in a number of important aspects.
Vibrio parahaemolyticus: This mobile, Gram-negative and rodshaped microorganism is distributed worldwide in marine environments, but is most abundant in warmer regions. It is often isolated from seafood of marine and estuarine origin, especially bivalves 102 . It is found on aquatic animals, especially crustaceans and mollusks, at temperatures above 8 o C and thrives in alkaline media containing 2-4% NaCl at 37 o C. Due to its high turnover rate (5-10 min) under appropriate conditions and its ability to compete with other microorganisms, a small number of infecting cells in seafood at room temperature rapidly becomes a threat to seafood consumers.
V. parahaemolyticus can cause diarrhea, cramping abdominal pain, vomiting, fever and headaches at a concentration of 10 6 -10 9 CFU/g. As a mesophilous organism, V. parahaemolyticus is easily eliminated from seafood by exposure to heat, but when seafood is served raw (such as oysters, mussels, sushi, sashimi and carpaccio), consumers are at risk of infection 46 . According to Brazilian regulations (RDC 12), the maximum concentration of V. parahaemolyticus allowed in foodstuffs is 10 3 CFU/g 9 .
In 1965, an analysis of strains of V. parahaemolyticus from gastroenteritis patients at a hospital in Yokohama, Japan, revealed a hemolytic enzyme -thermostable direct hemolysin (TDH) -not observed in isolates from seafood and the environment. The presence of TDH, as detected by the Kanagawa test, is associated with enteropathogenicity 119 . Strains of V. parahaemolyticus can cause serious infectious outbreaks if they carry the genes tdh and/or trh 73 or if they are capable of hydrolyzing urea and inducing beta-hemolysis in blood agar 49, 74 .
The risks associated with the consumption of seafood contaminated with V. parahaemolyticus were evaluated in a recent study published jointly by the World Health Organization and the Food and Agriculture Organization of the United Nations
.
Vibrio cholerae: V. cholerae occurs naturally in fresh and brackish water in tropical, subtropical and temperate regions. Strains of serotype O1 and O139 usually carry the gene ctx and produce cholera toxin. These toxigenic strains are responsible for cholera epidemics around the world. The disease is exclusively human and human feces are the primary source of infection. Cholera epidemics are mostly restricted to developing countries at warmer latitudes 115 . The contamination of environments involved in food production (including aquaculture ponds) with feces from infected individuals may indirectly introduce toxigenic V. cholerae strains into foodstuffs. The concentration of free toxigenic V. cholerae in the natural environment is low, although the species is known to be capable of attaching to and multiplying on zooplankton (copepods) 44 . 51 . For unclear reasons, infection tends to be more severe when caused by the Classic biotype than by El Tor. Approximately 20% of infected individuals develop acute aqueous diarrhea, which in 10-20% of cases evolve into severe aqueous diarrhea with vomiting. Without immediate and proper treatment, the infection can lead to intense dehydration and death in a matter of hours, with a fatality rate up to 30-50% among family members. However, when treatment is timely and adequate, fatality rates are reduced to less than 1% O serotypes other than O1 e O139, referred to as non-O1/O139 strains, can induce food-related diarrhea which is less severe than illness associated with cholera 116 .
Vibrio vulnificus: Phenotypically, V. vulnificus is highly homologous with V. parahaemolyticus, but differs by its ability to ferment lactose, justifying its early classification as "lactose-positive vibrio". According to ELLIOT et al. 27 , strains of V. parahaemolyticus and V. vulnificus may be differentiated by several biochemical tests, such as the b-galactosidase assay. The name V. vulnificus was formally adopted in 1979 43 .
Clinical and epidemiological investigations have shown that V. vulnificus can cause septicemia and death in humans through contaminated seafood (by penetrating the blood stream from the gastrointestinal tract) or through wounds exposed to contaminated marine environments 4 .
According to HUSS et al. 47 , V. vulnificus produces extracellular cytotoxins and hydrolytic enzymes capable of rapid muscle tissue degradation during infection. The presence of capsular polysaccharide is essential to trigger the infectious process. Three biotypes of V. vulnificus have been identified: approximately 85% of strains isolated from clinical samples belong to biotype 1, while biotype 2 is known to cause infection in eels. Biotype 3 was first described recently in association with seafoodrelated bacteremia.
Salmonella spp: Infection by Salmonella (salmonellosis) is the main cause of food-borne illnesses worldwide and a major socioeconomic problem 6 . The incubation period is 5-72 hours (usually 12-36 hours) following contamination and infection lasts 4-7 days. The symptoms include nausea, vomiting, cramping abdominal pain, fever, headache and diarrhea 15, 84 . Seafood may be contaminated in the fishing or farming environment 37 or during harvesting, processing and marketing 53 .
The incidence and role of Salmonella in seafood safety was recently reviewed by AMAGLIANI et al. 8 . In their review AMAGLIANI et al. 8 presented comprehensive updated epidemiological data about salmonellosis outbreaks and Salmonella occurrence in seafood in selected industrialized and developing countries. Quoting CDC those authors indicated that a total of 838 foodborne illness outbreaks with 7298 illnesses linked to seafood occurred in the USA between 1998 and 2001.
Escherichia coli: Among the coliform bacteria thriving at up to 45 o C for which maximum concentrations have been specified in Brazilian regulations (RDC 12) 9 , Escherichia coli is the species most often associated with infection. According to TRABULSI & ALTERTHUM 106 , the pathogenic diversity of E. coli is impressive. There are at least five categories which cause intestinal infection by different mechanisms in addition to categories associated with urinary infections, meningitis and other extraintestinal infections. Categories inducing intestinal infection are collectively termed diarrheagenic E. coli, while those associated with extraintestinal infections are referred to as ExPEC.
Staphyloccocus spp: The genus Staphylococcus belongs to the family Micrococcaceae and includes 74 species 24 . The cells are round, Gram-positive and form grape-like clusters. They are immobile, non-spore-forming and most species are facultative anaerobes. Staphylococci may be differentiated with the coagulase test: coagulasepositive species include S. aureus, S. intermedius, S. delphini and some strains of S. hyicus and S. schleiferi. With the exception of S. aureus, these species are isolated from animals but very rarely from humans. Thus, in almost all clinical laboratories, coagulase-positive staphylococci isolated from human sources or manipulated by humans are assumed to be S. aureus 55 .
Staphylococcus is not a natural component of seafood microbiota. According to HUSS 46 , seafood becomes contaminated with Staphylococcus by exposure to infected handlers and environments. The origin of the contamination is often an individual with infected hands, constipation or sore throat. The presence of staphylococci in naturally contaminated raw foods offers little risk, but if precooked seafood (such as shrimp) is recontaminated with S. aureus under favorable time and temperature conditions, even a very small number of S. aureus will proliferate rapidly and produce harmful enterotoxins. These toxins are generally very resistant to proteolytic enzymes and heat. Thus, while proper cooking can prevent staphylococcal proliferation and toxin formation, once formed the toxin resists boiling (100 o C) for 30 minutes. There are no reports of Staphylococcus outbreaks caused by industrialized canned food, but in the home setting the heat used to pasteurize and cook seafood is insufficient to destroy the toxin 47 .
Listeria monocytogenes: Listeria monocytogenes is Gram-positive and moves with the aid of a flagellum. The genus has many members, but L. monocytogenes is the species most frequently associated with food-borne illnesses. It is ubiquitous and occurs naturally in soil, mammals, birds, fish, crustaceans and mollusks. L. monocytogenes can resist freezing, drying and heat. Listeriosis, the disease caused by this microorganism, may take the form of septicemia, meningitis, encephalitis or intrauterine and cervical infections in pregnant women, leading to spontaneous abortion in the 2 nd or 3 rd quarter, or preterm birth. Infection with L. monocytogenes has been associated with the consumption of unpasteurized milk, soft cheese, ice-cream, raw vegetables, sausage made of raw fermented meat, raw or cooked poultry, raw meat of any type, and raw/smoked seafood. The ability to grow at temperatures as low as -3 °C makes it possible for L. monocytogenes to multiply in cold-stored foods 23, 29 .
Outbreaks of seafood-borne bacterial illnesses in Brazil:
Recently published reviews by SANTOS 93, 94 indicate a relatively small number of outbreaks of seafood-borne illnesses associated with pathogenic bacteria in Brazil in the period 1983-2010. This is supported by our own review. As shown by GELLI et al. 34 , laboratory studies from the period 1982-2001 confirm the occurrence of outbreaks/cases of botulism in Brazil. Botulinum toxin type A was identified in seven episodes, but no cases were associated with seafood consumption.
In 2007, an isolated case of botulism caused by home-canned fish was confirmed and reported to the Center of Epidemiological Surveillance of São Paulo (CVE-SP) in Sorocaba. The victim was cured and survived 19 . Vibriosis: Vibrio cholerae non-O1 was found to be associated with human infection in an outbreak of gastroenteritis in the state of Bahia in 1974 39 . The species was identified in samples from five individuals and in drinking water, suggesting it was originally waterborne.
V. parahaemolyticus (serotype O5:K17, confirmed Kanagawapositive by a specialized laboratory in Japan) was first isolated from humans in Brazil in 1983 38 . The sample came from the aqueous diarrhea of a 6 year-old child from Cascavel, State of Ceará. No epidemiological information is available, except for the fact that the local population is known to consume considerable amounts of salt-cured marine and freshwater fish.
MAGALHÃES et al.
60,62 analyzed 1,100 diarrheal fecal samples from Recife, Pernambuco State, 14 (1.3%) of which were contaminated with V. parahaemolyticus. The contaminated individuals presented symptoms of gastroenteritis (cramping abdominal pain, nausea, vomiting, fever, chills and headache). The infection was attributed to oysters (n = 5), shrimp (n = 4), fish (n = 3) and octopus (n = 2). The microbiological studies revealed seven K-antigen serotypes and three unidentifiable serotypes among the isolates.
An outbreak of gastroenteritis registered in Fortaleza, Ceará State, involved 26 individuals from whom 20 rectal swab samples were collected for analysis. V. parahaemolyticus was detected in nine samples (45%), six of which were shipped to the Oswaldo Cruz Foundation (Rio de Janeiro) for diagnostic confirmation and found to be V. parahaemolyticus O3:K6 (Kanagawa-positive). According to the epidemiological study, the source of the infection was most likely raw crab claws served at the restaurant of a local hotel 32 .
V. fluvialis and V. fumissii were reported by MAGALHÃES et al. to have caused an outbreak of foodborne diarrhea in infants, but no food source was mentioned 61 . The incident is mentioned in the present review due to the common finding of these vibrio species in seafood.
Salmonellosis:
In Brazil, the reporting of salmonellosis is compulsory. However, according to HOFER & REIS 40 , an economic analysis of the losses associated with Salmonella outbreaks is difficult due to the scarcity of Brazilian literature on the subject. According to the methodology employed by the CVE-SP, the food/preparation responsible for this sporadic case was most likely seafood of unspecified type. The method is based on the calculation of the relative risk (RR) of each food/preparation.
Staphylococcal intoxication:
Although Staphylococcus aureus is not a marine microorganism, it may be found in seafood due to contact with contaminated food and implements, especially if exposed to extended storage at temperatures favorable to proliferation 108 .
Official statistics indicate Staphylococcus aureus as a major cause of food toxi-infection in Brazil. However, no cases have been reported in this country involving seafood or related products.
Incidence of pathogenic bacteria in seafood in Brazil:
Covering the period 1983-2011, the literature reviewed for this study contains numerous reports of bacteria pathogenic to humans isolated from seafood and related products throughout Brazil. Unofficial data published in scientific journals provide a more accurate picture of the occurrence of pathogenic bacteria in seafood in the country, along with information on epidemiological trends, indicating areas requiring special attention from public health authorities. Tables 2 to 7 show available published data on the presence of Vibrio parahaemolyticus (Table 2) , other Vibrio spp. (Table 3) , Salmonella spp. (Table 4) , Escherichia coli and coliforms (Table 5) , Staphylococcus spp. (Table 6 ) and Listeria spp. (Table 7) in seafood in Brazil.
Prevention and control:
The pathogenic bacteria most commonly associated with seafood-borne illnesses originate from the environment (Huss Group I). Therefore, measures of prevention and control have to be in place from the time of capture/culture. In other words, seafood safety depends primarily on environmental conditions, and not even the best efforts at bacteriological control during handling, processing and distribution can completely eliminate, or reduce to acceptable levels, the risks to which consumers might be exposed 48, 120 . This is reflected by the significant incidence of seafood-related gastroenteritis caused by Vibrio parahaemolyticus in countries as different as Brazil, Chile 36 and the USA 50 .
The traditional methods of prevention and control of bacteriological contamination are gradually being replaced by an approach referred to as "Hazard Analysis and Critical Control Point" (HACCP) which identifies and attempts to eliminate all possible hazards at each step of the food production and distribution process. To be effective, HACCP requires the adoption of a range of sanitary procedures, such as the Good Manufacturing Practices (GMP) derived from the General Principles of Food Hygiene of the Codex Alimentarius (CODEX) 13, 45, 48 . In addition to HACCP, the CODEX Commission and the World Trade Organization (WTO) recommend the adoption of another approach -food safety risk analysis -to ensure safety and protect public health.
HACCP-based prevention and control systems are increasingly popular worldwide. The fishing industry was the first food sector to implement HACCP and remains one of its most important users. Food safety risk analysis, on the other hand, is still at an early stage, especially in developing countries.
HACCP is science-based and identifies specific hazards and control measures in order to ensure food safety. Rather than sampling and analyzing final products, HACCP focuses on how to prevent and eliminate hazards, provided a number of prerequisites are met. HACCP is accepted and recommended worldwide and has become part of food legislation in most countries 13 .
Food safety risk analysis is a systematic approach to the potential risks represented by foods. It includes three procedures: management, assessment and communication of risks. With this approach, it can usually be determined objectively whether a specific food attribute represents a health risk and how serious the risk is to public health. The definitions given to the terms "hazard" and "risk" are essential to understanding how the instrument works. According to CODEX, a hazard is a biological, chemical or physical agent in, or condition of, food with the potential to cause an adverse health effect, while risk is a function of the probability of an adverse effect and the magnitude of that effect, consequential to a hazard in food 103 .
To correctly apply HACCP and food safety risk analysis to the prevention and control of Food-borne illnesses caused by pathogenic bacteria associated with the consumption of seafood, extensive knowledge is required regarding the survival and growth of these microorganisms in the environment, in seafood and in infected humans, along with the epidemiology and symptomatology of the diseases with which they are associated 30 . Such knowledge is indispensable for the identification of the hazards and risks associated with the presence of pathogenic bacteria in seafood and for the development effective strategies for their prevention and control.
CONCLUSIONS
The revision identified main bacterial hazards and risks to seafood consumers in Brazil, as well as outbreaks, cases, deaths and types of seafood associated with these hazards and risks. Collected information indicates that the occurrence of seafood-borne bacterial illnesses in Brazil chiefly depends of food diet and food preparation habits, confirming the common knowledge that when seafood is adequately cooked it does not offer risk to human health. Safety hazards and risks are linked to the internationally spread habit of raw fish consumption of popular seafood dishes such as sushi, sashimi, ceviche, carpaccio. The particular association of between consumption of mollusk bivalves and bacterial seafood-borne illnesses should be once more emphasized.
The lack of quantitative and qualitative statistical and epidemiological data reflected by the review indicates the need for increasing research efforts in these areas aiming to prevent and control seafood-borne bacterial illnesses in our country.
RESUMO

Perigos e riscos bacteriológicos associados ao consumo de pescado no Brasil
Esta revisão apresenta dados qualitativos e quantitativos sobre doenças bacterianas e achados laboratoriais associados ao consumo de pescado e derivados no Brasil de 1983 a 2011. Os resultados mostram uma séria lacuna de dados epidemiológicos relacionados a surtos causados por pescado. Os poucos dados disponíveis indicam que em contraste com outros surtos alimentares transmitidos por carne, aves, laticínios e vegetais, as bactérias patogênicas teriam um menor destaque na transmissão destas doenças pelo consumo de pescado e derivados. Vibrio parahaemolyticus parece ser a causa mais frequente das doenças causadas pelo consumo de pescado e derivados, bem como a bactéria patogênica mais comumente presente nesses produtos nas investigações laboratoriais. 
